A sensitive spectrofluorimetric method was developed for determination of ciprofloxacin (CPFX), levofloxacin (LEV), gatifloxacin (GAT) and moxifloxacin (MOX) in pure, commercial formulations, human urine and plasma. The method is based on charge-transfer (CT) complex with chloranilic acid. Fluorescence intensity of the complexes was measured at emission wavelength ranging from 445 -492 nm with excitation wavelengths from 285 -330 nm. At optimum experimental conditions, a linear calibration plot was obtained in the concentration range of 20 -1000 ng·mL , 20 -800 ng·mL −1 and 20 -100 ng·mL −1 for CPFX, LEV, MOX and GAT, respectively with good correlation coefficient in the range of 0.9929 -1.0 in methanolic medium. The limit of detection and limit of quantification were found to be 5 ng·mL −1 and 18 ng·mL −1 for CPFX, 12 ng·mL −1 and 40 ng·mL −1 for LEV, 8 ng·mL −1 and 19 ng·mL −1 for MOX, 6 ng·mL −1 and 19 ng·mL −1 for GAT, respectively. The method was found free of interferences from excipients used as additive in pharmaceutical preparations, some common cations and compounds present in urine and plasma as well as co-administered analgesic, vitamins and other drugs. The method was successfully applied for quantification of selected fluoroquinolones in commercial formulations and also in spiked human urine and plasma samples with percent recoveries of 100.0 ± 1.56 and 100.2 ± 1.29 respectively.
Introduction
Fluoroquinolones are a family of one of the most successful and important classes of manmade broad spectrum antibiotics. They are receiving a significant attention due to their broad spectrum activity, potency, variable indications, well oral bioavailability, good tissue absorbing, longer elimination half-life and excellent pharmacokinetic profile. As a result, fluoroquinolones have become a therapeutically effective class of antimicrobial agents over the last decade. No other classes of antimicrobial agents have grown so rapidly or have been developed with such interest by pharmaceutical research companies. This class is among the world's most used antimicrobial drugs in community and hospital settings [1] [2] [3] . Fluoroquinolones are generally considered well tolerable because most of their side effects are mild and serious effects occur rarely [4, 5] .
Fluoroquinolones are widely used to treat human and veterinary diseases [5] [6] [7] . Fluoroquinolones can enter cells easily and therefore are often used to treat intracellular infections. They are extremely useful for the treatment of a number of infections, including urinary tract infections, soft tissue and fluid infections, respiratory infections, bone-joint infections, typhoid fever, sexually transmitted diseases, prostatitis, community acquired pneumonia, acute bronchitis and sinusitis. They are particularly used in bacterial urinary infections and also for infections whose antimicrobes possess great resistance. The broad spectrum antimicrobial activity, excellent bioavailability, good tissue penetration and long plasmatic stocking life, all have made fluoroquinolones, a special class of drugs [8] .
Thorough study of the literature reveals that several methods have been developed for the determination of fluoroquinolones in bulk, pharmaceutical dosage form and biological samples based on wide array of instru-ments like spectrophotometric [9] [10] [11] , HPLC [12, 13] , capillary electrophoresis [14] , electrochemical [15] and spectrofluorimetric [8, [16] [17] [18] [19] [20] .
The charge-transfer methods for fluoroquinolones reported are based on the use of 2,3,5,6-tetrachloro-p-benzoquinone with enrofloxacin, levofloxacin and ofloxacin [8] , 7, 7, 8, 8 -tetracyanoquinodimethane with ciprofloxacin, norfloxacin, pefloxacin and fleroxacin [16] as well as with ofloxacin, levofloxacin and lemofloxacin [17] . Chloranilic acid is used with lemofloxacin, fleroxacin, ciprofloxacin and norfloxacin as electron donor [18] . All of the studied fluoroquinolones belong to second generation group of drugs. Therefore, present study was carried out to exploit the charge-transfer reaction of chloranilic acid as an electron donor with the fourth generation (MOX and GAT) along with second generation (CPFX and LEV) fluoroquinolones drugs which are in common use. A new spectrofluorimetric method is proposed for the direct determination of fourth generation (MOX and GAT) fluoroquinolones in pharmaceutical formulations as well as in urine and plasma samples for the first time. The new method is simple, sensitive, good linear range, and rapid. The reported methods for determination of CPFX and LEV (8, 16 -18) through chargetransfer complexation have been applied only to commercial formulations.
Experimental

Instruments
Spectrofluorophotometer (RF-5301 PC) Shimadzu, Japan, equipped with 150 watt Xenon discharge lamp and 1 × 1 cm quartz cell was used for fluorescence intensity measurements. Centrifugation of plasma and urine sample was carried out on a clinical centrifuge (Model 800, China with maximum speed 4000 rpm).
Reagents
All chemicals used were of high grade purity. Chloranilic acid (2,5- 
Standard Fluoroquinolone Solution
(100 μg·mL −1 ) Standard fluoroquinolone stock solution (100 μg·mL −1 ) was prepared by dissolving 10 mg of authentic standard fluoroquinolone in 10 mL of methanol with vigorous shaking and finally diluted to 100 mL with distilled water. Working standard solutions of lower concentrations were prepared by dilution of the stock solution with methanol.
Sample Preparation (100 μg·mL
−1
)
Five tablets of each sample (Levoxin 500 mg/tab, Levotril 250 mg/tab, Levobac 500 mg/tab, Moxibact 400 mg/tab, Moxiget 400 mg/tab, Ciproxin 500 mg/tab, Mytil 500 mg/tab, Ciprax-500 500 mg/tab) were weighed separately to obtain average weight of one tablet which was found to be 0.6308 g, 0.4970 g, 0.6439 g, 0.595 g, 0.610 g, 0.7767 g, 0.7852 g and 0.7789 g for Levoxin, Levotril, Levobac, Moxibact, Moxiget, Ciproxin, Mytil and Ciprax-500 respectively. The tablet forms of each brand were ground separately. Sample of the powdered tablets equivalent to 10 mg of the drug was transferred to 100 mL beaker and dissolved in 10 mL methanol with vigorous shaking. The solution was transferred to 100 mL volumetric flask and diluted up to the mark with methanol to obtain 100 μg·mL −1 sample solution in each case. These solutions were used as stock sample solution throughout the work. For preparing stock solution of infusion Levflox, Moxibact and eye drops Megamox, 100 μg·mL −1 sample solutions was prepared by pipetting out sufficient volume directly and diluting with methanol in 100 mL volumetric flask. Working sample solutions in the range of 1.0 -5.0 μg·mL −1 was prepared by further dilution of the stock solution with same solvent. were added and made the volume up to mark with methanol. A purple colour charge-transfer (CT) complex was formed between the fluoroquinolones and chloranilic acid immediately. The fluorimetric behaviour of the drug with and without addition of chloranilic acid was measured to find wavelengths for maximum excitation (λ ex ) and emission (λ em ) of the drug and CT complex ( Figure  1 ). The fluorescence intensity of the charged-transfer complex formed between chloranilic acid and ciprofloxacin, levofloxacin, gatifloxacin and moxifloxacin was measured at 445 nm, 485 nm, 473 and 492 nm using an excitation wavelength of 330 nm, 285 nm, 285 nm and 292 nm respectively.
General Procedure
The calibration curve was obtained for the fluorescence intensity against concentration of the drug and the nominal content per tablet and in the infusion was determined from the calibration curve.
Procedure for Spiked Human Urine
Urine samples from three healthy volunteers at normal conditions were taken and diluted ten times with distilled water (5.0 mL of the urine were diluted to 50 mL with distilled water). Levofloxacin solution (1.0 mL of 100 μg·mL −1 ) was added to 1.0 mL urine sample and diluted to 5.0 mL with methanol. The spiked sample was centrifuged at 3000 rpm for 15 minutes and 5.0 μg·mL 10 mL volumetric flask. To each flask, 0.5 mL of 200 μg/mL chloranilic acid solution was added and made the volume up to mark with pure methanol to give final concentration of the drug in the range of 0.5 -1.5 μg·mL −1 . Fluorescence intensity of the solution was measured at 485 nm using 285 nm as excitation wavelength.
Procedure for Spiked Human Plasma
In case of plasma, 4.0 mL was spiked with 1.0 mL of the standard levofloxacin (500 μg·mL −1 ) and 5.0 mL of acetonitrile was added for deprotination. The precipitated protein was separated by centrifugation at 3500 rpm for 20 minutes. Appropriate volumes of the supernatant spiked plasma was transferred to 25 mL volumetric flask and diluted with methanol to give nominal concentration of 5.0 μg·mL −1 of the drug and 1 -3 mL of this solution was transferred to 10 mL volumetric flask. To each flask, 0.5 mL of 200 μg·mL −1 chloranilic acid solution was added and made the volume up to mark with pure methanol to give final concentration of the drug in the range of 0.5 -1.5 μg·mL −1 . Fluorescence intensity of the solution was measured using optimized conditions and concentration of the drug was evaluated from a calibration curve constructed separately from standards containing equivalent amount of acetonitrile. Each experiment was performed in triplicate.
Result and Discussion
The molecular interaction between pair of electrons donors and pair of electrons acceptors (Lewis acid-base reaction) are generally associated with the formation of charge-transfer (CT) complexes. Charge-transfer complexes affect the absorption behavior of the molecule and colourless substances become coloured and non-fluorescent turn into fluorescent and results in enhancement of fluorescence activity. The formation of CT complex can be rapidly assessed for its validity as a simple quantitative analytical method for many drug substances, which can act as electron donors. Chloranilic acid is π electron acceptor and readily forms charge-transfer complexes with basic nitrogenous compounds as electrons donors. Fluoroquinolones has piperazine ring containing basic nitrogen and is able to form a charge-transfer complex with π electrons acceptors like chloranilic acid. Therefore, chloranilic acid has been used as a fluorogenic reagent for spectrofluorimetric determination of fluoroqionoles in commercial formulations, plasma and urine samples.
The fluorimetric properties of the charge-transfer complex and the variables affecting the reaction such as solvent, concentration and volume of chloranilic acid and reaction temperature were carefully studied and optimized.
Effect of Solvent
Fluorimetric behaviour of the CT complex is solvent dependent. The selection of appropriate solvent plays a vital role in the sensitivity of the method. Effect of different solvents such as methanol, acetonitrile, ethanol, distilled water and n-hexane on fluorimetric behaviour of CT complex between the selected FQs and CL acid was investigated. Methanol was found to be the best solvent (Figure 2) in terms of sensitivity, environmental aspect and cost of the method.
Effect of Concentration and Volume of Chloranilic Acid
Concentration of CL acid solution affects the reaction markedly. Its effect was studied in the concentration range of 100 -300 μg·mL (Figure 3) . Therefore, these concentrations were used in further analyses of the respective drugs. The effect of volume of optimized concentration of CL acid for each drug on the fluorescence intensity of the analyte was also investigated in the range of 0.25 -2.0 mL and 0.5 mL was found as the optimum volume for levofloxacin and ciprofloxacin and 1.0 mL for moxifloxacin and gatifloxacin (Figure 4). 
Effect of Temperature
Increase in temperature has negative effect on the fluorescence intensity of the analyte. Generally, it happens due to changes in structure of molecules and emission less relaxation of the excited states. Good results were obtained at room temperature ( Figure 5 ) and thus making the process easier; further analyses were carried out at room temperature.
Stability of the Complex
Stability of the CT complex between CL acid and the selected fluoroquinolones and the subsequent stability of the proposed method was also investigated for two hour with 10 minutes interval and also overnight reading was noted. The complex is quite stable (Figure 6 ) and gives a consistent signal up to 24 hours. 
Quantification
Under the optimum experimental conditions of the proposed method, a linear response between the fluorescence intensity and concentration of the selected fluoroquinolones was observed in the concentration range of 60 -320 ng·mL −1 , 20 -800 ng·mL −1 and 20 -1000 ng·mL
for levofloxacin, moxifloxacin, ciprofloxacin and gatifloxacin respectively. The linearity of calibration curves was proved by the high value of correlation coefficient.
The linear regression equations, slopes, intercepts, correlation coefficients and relative standard deviation of the response factors are given in 
Effect of Interferences
For evaluation of the selectivity of the proposed method for the analysis of pharmaceutical preparations containing the selected FQs, the interferences effect of various pharmaceutical additives such as glucose, fructose, lactose, sucrose, sorbitol, magnesium stearate, sodium citrate, methyl cellulose, talc and starch was studied. Solutions containing moxifloxacin and one of the excipients taken separately in concentrations five, ten and fifty times greater than that of the selected FQs were analyzed by the proposed method. A level of interference was considered to be acceptable if the error was not higher than 3% relative to the expected value of drug. The results indicated that there was no significant interferences effect by the excipients studied on the fluorimetric behaviour of the drugs (Figure 7) . Fluorimetric behaviour of the CT complex of the selected FQs and CL acid was also investigated in the presence of some common cations typically found in urine and blood plasma. The fluorescence intensity of the complex was found free from the interferences effect of these ions except Ca 2+ and Mg 2+ which decrease fluorescence behaviour of the selected FQs at concentration level greater than 300 μg·mL −1 (Figure 8 ). This decrease in fluorescence intensity is mainly due to complex formation of the reagent with these cations at higher concentration. The major constituents of urine such as urea, uric acid etc. also do not have any interference effect on the method. Fluorescence intensity of the CT complex of the selected FQs and CL acid was measured in the presence of compounds occurring in urine and found good percent recovery (Figure 9) . Mostly antibiotics are not given alone, some antipyretic, analgesic or vitamins are also given along with the antibiotics to the patient and thus effect of the presence of these co-administered drugs on the determination of the selected FQs was investigated. It was observed that the studied co-administered drugs do not affect fluorescence behaviour and therefore, good percent recovery was obtained (Figure 10 ).
Precision and Accuracy
The precision and accuracy of the proposed method was checked by determining the selected fluoroquinolones in replicate for each concentration within the linear range of concentration. The results are summarized in Table 2 .
The relative standard deviation (RSD) considered being very satisfactory and the recovery test were found to be in the range of 96.0% ± 1.98% to 100.2% ± 1.22% for different brands of the selected fluoroquinolones which indicates a good accuracy.
Recovery Studies
The validity of the proposed method in dosage form of eleven different brands was tested for possible interference using standard addition method. The percent recoveries obtained were in the range of 97.0% ± 2.09% to 100.5% ± 2.44% (Table 3 ) which shows a good accuracy of the proposed method for determination of the selected fluoroquinolones in commercial pharmaceutical preparations. The proposed method has been successfully applied for the determination of the drugs in commercial preparations (tablets, infusion and eye drops) and the results were evaluated statistically using student t-test. For all the formulations examined, the results obtained for pharmaceutical dosage forms (Table 4) were in good agreement with the label claimed value.
Analysis of Spiked Urine and Plasma Samples
Good percent recoveries obtained by the proposed method indicated the possibility of its application for the quantification of the selected fluoroquinolones in urine and plasma samples. Fluoroquinolones are orally or parentally administered at doses of 400 mg once a day, which results in plasma level of concentration of about 0.3 to 3.0 μg·mL −1 . For accurate determination of these drugs in biological samples, standard addition method was used for quantitative determination of the selected fluoroquinolones in urine and plasma samples. The results of the recovery from urine and plasma samples by the proposed method are given in Tables 5 and 6 respectively. The results obtained were satisfactorily precise, 
Conclusion
The proposed spectrofluorimetric method is based on monitoring the fluorescence intensity of the chargedtransfer (CT) complex formed between chloranilic acid and ciprofloxacin, levofloxacin, gatifloxacin and moxifloxacin at 445 nm, 485 nm, 473 and 492 nm using an excitation wavelength of 330 nm, 285 nm, 285 nm and 292 nm respectively. The proposed method is simple, fast, sensitive and accurate. The results obtained for recovery, precision and accuracy show that the proposed method could be successfully used for quantification of the selected fluoroquinolones in commercial formulations and biological samples. Common excipients used as additive in pharmaceutical preparations, some common cations and compounds present in urine and plasma and co-administered analgesic, vitamins and other drugs do not interfere with the method.
